-O)] (1).
Two solutions were mixed as for the preparation of 2, except using 9 equiv (1.18 mL) of Me 4 NOH in MeOH (2.50 M). The reaction was performed similarly to that used for 2, except after allowing the solution in CH 3 CN to slowly evaporate, X-ray quality dark green crystals formed. These crystals were collected by filtration and dried in vacuo to obtain the product (170 mg, 38%). UV-vis (DMF) λ max (ε, Chemical oxidations of 2. A stock solution of 2 in H 2 O/DMF (1:20) was prepared by first dissolving the powder form of 2 (13.9 mg, 10 mM) in ~ 0.1 mL of water. The mixture was sonicated for a few minutes and DMF was added in small portions (0.1 mL) to yield a green solution (2 mL, 10 mM). A 0.33 mL aliquot of this stock solution was mixed with DMF (2.7 mL) in a UV-vis cuvette and cooled to −50 °C. A solution of acetyl ferrocenium hexafluoroantimonate [(AcFc)(SbF 6 )] in CH 2 Cl 2 (0.23 mL, 14 mM) or (NH 4 ) 2 Ce(NO 3 ) 6 (CAN) in CH 3 CN (0.7 mL, 5 mM) was added, which immediately caused a color change to deep red ( Figure S1 ). For titrations, the same procedure was used, except using smaller aliquots of oxidants added in incremental portions. Note that for the former, after the addition of the oxidant, the cuvette held 3.3 mL of a solution that was 1 mM in dicopper complex, whereas for the latter, the cuvette held 3.7 mL of a solution that was 0.5 mM in dicopper complex. The spectroscopic properties of the oxidized reaction solutions are discused in the text and summarized as follows. (a) (b) (c) Figure S1 . Photographs in UV-vis cuvettes of (a) 1 mM solution of NMe 4 [LCu 2 (OH)] (2) in DMF, (b) product of oxidation by (AcFc)(SbF 6 ) (3) at −50 °C (1 mM), and (c) product of oxidation by CAN (4) at −50 °C (0.5 mM). X-ray crystallography. All crystals were placed onto the tip of a 0.1 mm diameter glass capillary and mounted on a Bruker SMART Platform CCD diffractometer for data collection. The data collections were carried out using MoKα radiation with a graphite monochromator (λ = 0.71073 A) at 95 K. Structure solutions were performed by direct methods using SHELXS-97 software and refined against F 2 using full-matrix-least-squares using SHELXL-97 and SHELXL-2013 software.
LCu
8 Data intensities were corrected for absorption and decay (SADABS). Final cell constants were obtained from least squares fits of all measured reflections. All non-hydrogen atoms were refined with anisotropic displacement parameters. Hydrogen atoms in 2 were placed in ideal positions and refined as riding atoms with isotropic displacement parameters to be U(H)=1.2U eq (C) for aromatic C atoms and U(H)=1.5U eq (C) for alkyl C atoms (U eq =1/3(U 11 +U 22 +U 33 )). The hydroxide hydrogen atom in 2 was located in the Fourier map and refined as a riding atom with relative isotropic displacement parameters. In 2 a solvent molecule (MeCN) was found to be disordered. The disorder was modeled as an occupation of the same position by one acetonitrile molecule and two water molecules. All disordered atoms were refined in an isotropic approximation. The final refined occupancies were 0.59, 0.32, and 0.09 for acetonitrile and two water molecules, respectively. In the acetonitrile molecule geometric restrains were used: 1.14(2) Å for C≡N and 1.47(2) Å for C-C bonds. Additionally, <C-C-N was restrained by using DANG instruction. Kinetics of Decomposition of 3 and 4. The solutions of the 1-electron and 2-electron oxidized products 3 and 4 were prepared as described above at −20 °C. The decay of the chromophore was monitored in DMF in 5 second intervals until no further spectral changes were observed. The data were analyzed by the Olis Global Fitting software using a Singular Value Decomposition (SVD) algorithm and were fit to a first order decay processes ( Figure S6 ). Reactions with dihydroanthracene were performed similary, except the appropriate amount of DHA was added to the initial stock solution prior to addition of oxidant. Plots of k obs vs. XAS Spectroscopy. Cu K-edge X-ray absorption spectroscopy was performed to directly probe for oxidation state of the Cu center in the complexes. The weak pre-edge transition observed before the onset of the rising edge corresponds to a dipole-forbidden, quadrupole-allowed 1s→3d transition. The energy position of this pre-edge transition is affected by the ligand field strength and the effective nuclear charge of the Cu center. Cu(III) compounds show a pre-edge shift of ~1.0-2.0 eV to higher energy as compared to analogous Cu(II) compounds. 9 Figure S7 shows that 2 and the self-decay product of 4 have pre-edge features at ~8979.1 eV, which are characteristic of Cu(II) compounds. 2 The energy position of the pre-edge of 4 is shifted by ~0.7 eV to higher energy relative to those of 2 and of the self-decay product of 4. For a given ligand system, the rising edge shifts to higher energy with increasing oxidation state. As shown in Figure S7 , the rising edge maximum of 4 is shifted by ~1 eV to higher energy relative to those of 2 and of the self-decay product of 4. The shifts to higher energy observed in both the pre-edge and rising edge region indicate that 4 is an oxidized species relative to 2 and the self-decay product of 4 which are clearly Cu(II). The fact that the pre-edge shifts in 4 by ~0.7 eV suggests a highly covalent interaction of the oxidized Cu with its environment. Further XAS and EXAFS studies are underway. Figure S8 . Normalized Cu K-edge XAS spectra of 2 (black), 4 (red), and the self-decay product of 4 (green). The inset shows the smoothed second derivative spectra of the pre-edge region.
5775-5787.
Theoretical Studies
The initial geometry for 2 was taken from the single crystal X-ray diffraction analysis measurement. Geometry optimizations were performed at the density functional level of theory (DFT) using the hybrid exchange-correlation PBE 10 functional accounting for dimethylformamide (DMF) solvation effects using the IEF-PCM 11 continuum solvent model. A mixed basis set generated from the EMSL basis exchange library 12 and comprised of Def2-TZVPD for Cu atoms, 13 6-311+G(d,p) for N and O atoms, and 6-311G(d,p) for C and H atoms 14 was used for the all calculations. The Hessian matrix was evaluated at each optimized geometry to confirm equilibrium structures as minima (no imaginary frequencies were predicted).
Restricted singlet KS DFT wave functions were assessed for stability relative to an unrestricted, broken-symmetry, solution; 15,16 such instability was observed for 2, and the optimization of its geometry was accomplished for the broken-symmetry (BS) singlet.
Time-dependent DFT (TD-DFT) calculations were performed using the PBE0 functional together with the SMD/DMF 17 solvation model; solutions for the first 22 lowest states were computed. Redox properties were calculated using the M11-L 18 functional and SMD/DMF solvation model (see below). All calculations were performed with the Gaussian09 19 suite of electronic structure programs. The calculated spectra and the nature of selected transitions are shown in Figure S8 and the table below this figure.
Gas phase Gibbs free energies and solvation free energies for the proton at 298K were based on experiment and taken to be -26.3 kJ/mol and -1112.5 kJ/mol, respectively. 20, 21 Also, for reactions in solution, standard free energies refer to a 1 M standard-state concentration for all species. Compared to the conventional 1 atm standard state for gas-phase calculations, this requires the introduction of a concentration-change term of RTln(24.5), which is equal to +7.9 kJ/mol at 298 K. 22 Thus, the total Gibbs energy for the proton in a 1 M solution after all corrections is equal to -1130.9 kJ/mol.
We consider electrochemical reactions of the form
where O is the oxidized species, R is the reduced species, ne is the number of electrons being transferred and np is the number of protons transferred. The Gibbs free energy change for proton coupled electron transfer was calculated using equation (eq 2), in all other cases equation (eq 1) was used.
The standard reduction potential of this class of reaction ( E O|R 0 ) can be calculated using the equation
where ΔG O|R 0 is the standard state free energy of the redox reaction, F is the Faraday constant, and ΔG SHE 0 is the free energy change for the standard hydrogen electrode, which we take from experiment as 4.28 eV. 23 , 24 An additional n p *pH*0.0591V term can be added to the potential to account for a pH different from 0. Figure S9 . Experimental UV-vis and TDDFT data for (2) (top left), (3) (top right), (4) (bottom left), and (4-oxo) (bottom right). Experimental UV-vis spectra are given in black, TDDFT data are given in red, and simulated UV-vis spectra from gaussian broadened TDDFT data are given in blue.
Cu(II)OHCu(II)
Selected TD--DFT data for Cu(II)OHCu(II) obtained using PBE0/SMD(DMF) level of theory 
S18

Cartesian coordinates (Å)
Cartesian coordinates for all minima reported in the main text follow. Electronic energies at the SMD/M11-L (ε 0 ) and thermal contributions to 298 K free energy at the IEF-PCM/PBE0 (G corr ) are provided for each optimized structure.
(2) (ε 0 = -4986.05280607 a.u.; G corr = 0.317458 a.u.) N 0.004184000000 -2.624914000000 0.843667000000 N 0.004184000000 2.624914000000 0.843667000000 O -3.496128000000 -2.643957000000 1.041504000000 O -3.496128000000 2.643957000000 1.041504000000 O 3.504212000000 -2.638107000000 1.030177000000 O 3.504212000000 2.638107000000 1.030177000000 C 0.009310000000 -4.425919000000 2.846262000000 C 0.009310000000 4.425919000000 2.846262000000 H 0.011387000000 -5.155026000000 3.649233000000 H 0.011387000000 5.155026000000 3.649233000000 N -1.975727000000 -1.429871000000 -0.233428000000 N -1.975727000000 1.429871000000 -0.233428000000 N 1.977732000000 -1.426274000000 -0.241174000000 N 1.977732000000 1.426274000000 -0.241174000000 Cu 0.000824000000 1.328658000000 -0.569678000000 Cu 0.000824000000 -1.328658000000 -0.569678000000 O 0.011895000000 0.000000000000 -1.982585000000 H -0.849690000000 0.000000000000 -2.412412000000 C -1.204328000000 -3.958604000000 2.344406000000 C -1.204328000000 3.958604000000 2.344406000000 C 1.220106000000 -3.955309000000 2.341008000000 C 1.220106000000 3.955309000000 2.341008000000 H -2.155888000000 -4.293978000000 2.737406000000 H -2.155888000000 4.293978000000 2.737406000000 H 2.173714000000 -4.288083000000 2.731232000000 H 2.173714000000 4.288083000000 2.731232000000 C -1.166186000000 -3.027073000000 1.316972000000 C -1.166186000000 3.027073000000 1.316972000000 C 1.176778000000 -3.023764000000 1.313532000000 C 1.176778000000 3.023764000000 1.313532000000 C -2.355607000000 -2.346091000000 0.673597000000 C -2.355607000000 2.346091000000 0.673597000000 C 2.362016000000 -2.340339000000 0.665009000000 C 2.362016000000 2.340339000000 0.665009000000 C -2.947154000000 -0.707147000000 -0.950250000000 C -2.947154000000 0.707147000000 -0.950250000000 C 2.947176000000 -0.705956000000 -0.962269000000 C 2.947176000000 0.705956000000 -0.962269000000 C -3.900355000000 -1.381153000000 -1.724589000000 C -3.900355000000 1.381153000000 -1.724589000000 C 3.898652000000 -1.380650000000 -1.736179000000 C 3.898652000000 1.380650000000 -1.736179000000 H -3.885539000000 -2.465668000000 -1.723782000000 H -3.885539000000 2.465668000000 -1.723782000000 H 3.884134000000 -2.465276000000 -1.735015000000 H 3.884134000000 2.465276000000 -1.735015000000 C -4.843115000000 -0.696340000000 -2.474229000000 C -4.843115000000 0.696340000000 -2.474229000000 C 4.839747000000 -0.696203000000 -2.489429000000 C 4.839747000000 0.696203000000 -2.489429000000 H -5.570024000000 -1.246738000000 -3.062539000000 H -5.570024000000 1.246738000000 -3.062539000000 H 5.565339000000 -1.246915000000 -3.079273000000 H 5.565339000000 1.246915000000 -3.079273000000
(3) (ε 0 = -4985.87044819 a.u.; G corr = 0.317458 a.u.) N 0.079001000000 2.710954000000 0.812296000000 N -0.088930000000 -2.722642000000 0.793658000000 O 3.577438000000 2.638095000000 1.021866000000 O 3.405885000000 -2.803232000000 1.038459000000 O -3.406123000000 2.923449000000 0.880803000000 O -3.585284000000 -2.812959000000 0.830804000000 C 0.130966000000 4.688415000000 2.644859000000 C -0.137807000000 -4.723462000000 2.601836000000 H 0.153124000000 5.486210000000 3.378628000000 H -0.156660000000 -5.530207000000 3.325952000000 N 2.026927000000 1.386618000000 -0.175223000000 N 1.927347000000 -1.485339000000 -0.178464000000 N -1.940032000000 1.433140000000 -0.130254000000 N -2.050850000000 -1.385521000000 -0.182704000000 Cu -0.025700000000 -1.321326000000 -0.503779000000 Cu 0.074935000000 1.337729000000 -0.495238000000 O -0.040492000000 0.029476000000 -1.881559000000 H 0.786768000000 -0.000955000000 -2.373784000000 C 1.325913000000 4.124062000000 2.203812000000 C 1.084380000000 -4.202630000000 2.181595000000 C -1.094078000000 4.230738000000 2.162781000000 C -1.337337000000 -4.212929000000 2.109344000000 H 2.287925000000 4.450166000000 2.578793000000 H 2.027964000000 -4.575779000000 2.559424000000 H -2.035866000000 4.645286000000 2.499340000000 H -2.298626000000 -4.592731000000 2.431513000000 C 1.261332000000 3.109559000000 1.259538000000 C 1.069896000000 -3.173646000000 1.250913000000 C -1.076414000000 3.206892000000 1.228756000000 S20 C -1.268822000000 -3.180759000000 1.185729000000 C 2.432490000000 2.350175000000 0.674582000000 C 2.278102000000 -2.463884000000 0.678838000000 C -2.278690000000 2.540198000000 0.621183000000 C -2.443683000000 -2.463749000000 0.573886000000 C 2.969133000000 0.625751000000 -0.891676000000 C 2.918874000000 -0.786907000000 -0.893288000000 C -2.876435000000 0.806433000000 -0.887327000000 C -2.970317000000 -0.649587000000 -0.865844000000 C 3.941766000000 1.268142000000 -1.669329000000 C 3.844295000000 -1.492288000000 -1.673930000000 C -3.822685000000 1.540049000000 -1.646044000000 C -4.053280000000 -1.251175000000 -1.545034000000 H 3.964029000000 2.352152000000 -1.669132000000 H 3.790637000000 -2.575285000000 -1.677877000000 H -3.724140000000 2.617550000000 -1.681115000000 H -4.137474000000 -2.329279000000 -1.524734000000 C 4.858105000000 0.552094000000 -2.420922000000 C 4.808742000000 -0.839819000000 -2.423350000000 C -4.826131000000 0.909028000000 -2.325724000000 C -4.942246000000 -0.499991000000 -2.269630000000 H 5.601683000000 1.077680000000 -3.010701000000 H 5.513374000000 -1.414508000000 -3.015168000000 H -5.530704000000 1.484042000000 -2.915567000000 H -5.731921000000 -0.993408000000 -2.825541000000 (4) (ε 0 = -4985.68279008 a.u.; G corr = 0.320688 a.u.) N 0.008292000000 -2.675423000000 0.892455000000 N 0.008292000000 2.675424000000 0.892455000000 O -3.481375000000 -2.665824000000 0.942887000000 O -3.481375000000 2.665822000000 0.942889000000 O 3.496153000000 -2.668338000000 0.931732000000 O 3.496153000000 2.668336000000 0.931734000000 C 0.007439000000 -4.569388000000 2.791473000000 C 0.007439000000 4.569385000000 2.791476000000 H 0.006940000000 -5.337559000000 3.556011000000 H 0.006940000000 5.337555000000 3.556015000000 N -1.883692000000 -1.420316000000 -0.169650000000 N -1.883692000000 1.420317000000 -0.169652000000 N 1.892894000000 -1.410708000000 -0.158857000000 N 1.892894000000 1.410710000000 -0.158858000000 Cu 0.005658000000 1.379977000000 -0.403365000000 Cu 0.005658000000 -1.379976000000 -0.403364000000 O 0.064580000000 0.000000000000 -1.655563000000 H -0.721506000000 0.000000000000 -2.222191000000 C -1.205050000000 -4.078286000000 2.309718000000 S21 C -1.205050000000 4.078284000000 2.309720000000 C 1.220564000000 -4.078970000000 2.310542000000 C 1.220564000000 4.078968000000 2.310544000000 H -2.159972000000 -4.433815000000 2.676740000000 H -2.159972000000 4.433813000000 2.676742000000 H 2.175010000000 -4.436320000000 2.676998000000 H 2.175011000000 4.436317000000 2.677000000000 C -1.167295000000 -3.099114000000 1.332812000000 C -1.167295000000 3.099114000000 1.332812000000 C 1.183183000000 -3.098772000000 1.334793000000 C 1.183183000000 3.098772000000 1.334793000000 C -2.326109000000 -2.395995000000 0.682334000000 C -2.326109000000 2.395998000000 0.682331000000 C 2.339649000000 -2.395509000000 0.681781000000 C 2.339649000000 2.395512000000 0.681778000000 C -2.767023000000 -0.709097000000 -0.993526000000 C -2.767023000000 0.709098000000 -0.993526000000 C 2.754335000000 -0.709088000000 -1.004827000000 C 2.754335000000 0.709088000000 -1.004828000000 C -3.637192000000 -1.390032000000 -1.851248000000 C -3.637192000000 1.390032000000 -1.851249000000 C 3.607102000000 -1.391709000000 -1.877689000000 C 3.607102000000 1.391708000000 -1.877690000000 H -3.618734000000 -2.473504000000 -1.857988000000 H -3.618734000000 2.473504000000 -1.857990000000 H 3.589591000000 -2.475250000000 -1.883662000000 H 3.589591000000 2.475249000000 -1.883664000000 C -4.514574000000 -0.696811000000 -2.668176000000 C -4.514574000000 0.696810000000 -2.668177000000 C 4.465932000000 -0.697579000000 -2.712488000000 C 4.465932000000 0.697577000000 -2.712489000000 H -5.188552000000 -1.242908000000 -3.318371000000 H -5.188551000000 1.242907000000 -3.318372000000 H 5.127630000000 -1.242307000000 -3.376379000000 H 5.127630000000 1.242305000000 -3.376380000000
(4-oxo) (ε 0 = -4985.22438589 a.u.; G corr = 0.310372 a.u.) N 0.000000000000 2.683681000000 -0.872261000000 N 0.000000000000 -2.683681000000 -0.872261000000 O -3.488969000000 2.672926000000 -0.927653000000 O -3.488969000000 -2.672926000000 -0.927653000000 O 3.488969000000 2.672926000000 -0.927653000000 O 3.488969000000 -2.672926000000 -0.927653000000 C 0.000000000000 4.591153000000 -2.757220000000 C 0.000000000000 -4.591153000000 -2.757220000000 S22 H 0.000000000000 5.365667000000 -3.515658000000 H 0.000000000000 -5.365667000000 -3.515658000000 N -1.886730000000 1.425818000000 0.186974000000 N -1.886730000000 -1.425818000000 0.186974000000 N 1.886730000000 1.425818000000 0.186974000000 N 1.886730000000 -1.425818000000 0.186974000000 Cu 0.000000000000 -1.344364000000 0.393748000000 Cu 0.000000000000 1.344364000000 0.393748000000 O 0.000000000000 0.000000000000 1.574090000000 C -1.213976000000 4.097022000000 -2.280923000000 C -1.213976000000 -4.097022000000 -2.280923000000 C 1.213976000000 4.097022000000 -2.280923000000 C 1.213976000000 -4.097022000000 -2.280923000000 H -2.166706000000 4.457824000000 -2.648073000000 H -2.166706000000 -4.457824000000 -2.648073000000 H 2.166706000000 4.457824000000 -2.648073000000 H 2.166706000000 -4.457824000000 -2.648073000000 C -1.175028000000 3.109259000000 -1.311531000000 C -1.175028000000 -3.109259000000 -1.311531000000 C 1.175028000000 3.109259000000 -1.311531000000 C 1.175028000000 -3.109259000000 -1.311531000000 C -2.330518000000 2.394002000000 -0.661965000000 C -2.330518000000 -2.394002000000 -0.661965000000 C 2.330518000000 2.394002000000 -0.661965000000 C 2.330518000000 -2.394002000000 -0.661965000000 C -2.769575000000 0.705652000000 1.006247000000 C -2.769575000000 -0.705652000000 1.006247000000 C 2.769575000000 0.705652000000 1.006247000000 C 2.769575000000 -0.705652000000 1.006247000000 C -3.640894000000 1.385593000000 1.862066000000 C -3.640894000000 -1.385593000000 1.862066000000 C 3.640894000000 1.385593000000 1.862066000000 C 3.640894000000 -1.385593000000 1.862066000000 H -3.622253000000 2.469475000000 1.866099000000 H -3.622253000000 -2.469475000000 1.866099000000 H 3.622253000000 2.469475000000 1.866099000000 H 3.622253000000 -2.469475000000 1.866099000000 C -4.517515000000 0.696474000000 2.683825000000 C -4.517515000000 -0.696474000000 2.683825000000 C 4.517515000000 0.696474000000 2.683825000000 C 4.517515000000 -0.696474000000 2.683825000000 H -5.191624000000 1.244592000000 3.332936000000 H -5.191624000000 -1.244592000000 3.332936000000 H 5.191624000000 1.244592000000 3.332936000000 H 5.191624000000 -1.244592000000 3.332936000000
